Objective: Distal anterior cerebral artery (DACA) aneurysms are rare, accounting for 1-9% of all intracranial aneurysms.
Introduction
Distal anterior cerebral artery (DACA) aneurysms are rare, reportedly accounting for only 1-9% of all intracranial aneurysms. 1) Traditionally, DACA aneurysms have been treated with surgical clipping, but this technique is challenging because of the narrow, deep working space. Endovascular therapy used to be challenging because of the distal vascular distribution and low profile of the parent vessel. Today, however, the development of devices and techniques is sufficiently advanced that endovascular therapy is fairly well able to treat DACA aneurysms. Some reports have suggested that the outcomes of endovascular therapy were better than those with surgical clipping. 2) To test this suggestion, we assessed the technical and clinical outcomes of endovascular therapy of DACA aneurysms at a single center and compared them with surgical clipping results.
Materials and Methods

Patients and clinical presentation
We retrospectively studied patients in our hospital's database who had undergone endovascular therapy of DACA aneurysms. Between January 2004 and August 2017, a total of 47 consecutive patients with 49 DACA aneurysms were treated with endovascular therapy at Juntendo University Hospital. Pseudoaneurysms, dissecting and mycotic aneurysms, and regrowth aneurysms that were first treated at another hospital were excluded. The medical records were reviewed for the patient's age, sex, aneurysm size, neck width, location, endovascular technique, angiographic outcome, complications, and outcomes at discharge with the modified Rankin Scale (mRS) for aneurysmal rupture. In ruptured cases, we evaluated them using Hunt and Hess grades, where grades I-III were good and grades IV and V were poor.
Angiographic assessment
Each patient underwent preoperative angiography. We evaluated the morphology of the DACA aneurysms, including the aneurysm size, location, features (bleb), parent vessel's size, aneurysmal origin at a branching point, and angiographic spasm for ruptured cases. The greatest diameter of the aneurysm dome was classified as small (<10 mm), large (10-25 mm), or giant (>25 mm). The width of the aneurysm's neck was categorized as narrow (≤4 mm) or wide (>4 mm). 3) The shape of the aneurysm was classified as saccular or nonsaccular 3) and with or without bleb formation. The location of the aneurysm could be seen on the A2-A5 segments of the anterior cerebral artery (ACA). The number of aneurysms was described as single or multiple (>1).
Endovascular procedure
All patients were treated under general anesthesia. In those with an unruptured aneurysm, we administered a single or dual anti-platelet drug (acetylsalicylic acid 100 mg and/or clopidogrel 75 mg) at least a week before surgery. During the operation, the patients underwent general heparinization, regardless of whether the aneurysm had ruptured. We selected the most suitable type of endovascular technique (simple, double catheter, balloon assisted, or stent assisted) for each patient. When we used the stent-assisted technique, patients were administered a dual anti-platelet drug. For those undergoing one of the other methods, most patients did not require anti-platelet drugs during the postprocedural period. Since October 2012, we have used the low-profile distal access catheter (DAC) for simple techniques. By advancing this catheter to C1 or A1, we could maintain its support.
Follow-up and outcomes
Every 6 months after the procedure, the patients were followed up with plain angiography or MRA. Angiographic outcomes were graded according to the Raymond-Roy occlusion classification, which assessed complete occlusion (CO), residual neck (RN), and residual aneurysm (RA).
Statistical analysis
We used a univariate analysis to compare the baseline characteristics of the two groups, which was accomplished using the χ 2 test and the Mann-Whitney U test. Significant difference was defined as P <0.05.
Results
The baseline characteristics, including treatment outcomes, of the 47 consecutive patients (31 women, 16 men) are summarized in Tables 1 and 2. Note that two patients also underwent the procedure in contralateral DACA aneurysms, increasing the number of aneurysms to 49. The mean ± standard deviation (SD) age was 64.0 ± 9.72 years (range 46-86 years). Altogether, there were 15 aneurysms (30.6%) with subarachnoid hemorrhage (SAH) and 34 without. The mean ruptured vs. unruptured aneurysmal domes (5.0 vs. 4.6 mm, P = 0.19) and neck sizes (2.5 vs. 2.5 mm, P = 0.82) were similar. The aneurysms were mostly located in the A3 portion, with 22 (44.9%) arising from the origin of the callosomarginal artery.
For the 15 ruptured aneurysms, the Hunt and Hess grade was I-III in 13 cases (86.6 %) and IV in 2 cases. On the initial CT scan, five cases (33.3%) accompanied by intraventricular or intracerebral hemorrhage.
Overall, 18 patients had multiple aneurysms. Five were in the azygos artery which was one of the ACA malformations. We were unable to obtain follow-up data from nine patients (six with a ruptured aneurysm and three with an unruptured aneurysm). The overall mean follow-up period was 48.4 months (20.0 months for ruptured and 53.5 months for unruptured aneurysms).
Procedural outcomes
In all, the procedures were considered technically successful for 48 aneurysms (98.0%). One patient with an unruptured aneurysm could not undergo the procedure because access to the aneurysm was difficult because of a tortuous vessel. She therefore underwent surgical clipping, with an uneventful recovery. We selected the following techniques for the other patients: a simple technique for 35 patients, a double-catheter technique for 5, a balloonassisted technique for 7, and a stent-assisted technique for 1. Among simple technique cases, we used a DAC in nine cases. Most of the ruptured aneurysms did not require an adjunctive technique because anti-platelet drugs were not administered. Among the cases of total/near-total occlusion, 31 (64.6%) reached the Raymond-Roy occlusion classification for CO and RN. Three patients (6.1%) exhibited procedural morbidity (6.1%), and one patient died. There were two cases of thromboembolic complications and one case of hemorrhagic complications, although the hemorrhagic case was asymptomatic. The single death was due to the SAH itself.
Clinical outcomes
On follow-up examination, 31 (77.5%) patients were classified as having CO and RN according to Raymond's criteria. From the procedure until the final follow-up examination, these problems were unchanged in 17 patients, improved in 13, and recurrent in 10. Five of these patients underwent re-coiling, not clipping. None of the five aneurysms ruptured before reoperation, and all were asymptomatic. The endovascular technique was performed in one case with the stent-assisted technique, one with the balloon-assisted technique, and three with the simple technique. The only patient who remained with the RaymondRoy occlusion classification had RA.
In the 15 ruptured cases, favorable outcomes (mRS 0-2) were achieved in 12 cases. The cause of the unfavorable outcomes was an initial high-grade SAH in two cases and severe spasm in one case. Among the unruptured cases, there were unfavorable outcomes in two patients with complications. Thus, the rate of overall favorable outcomes was 87.8%, none of whom experienced complications. 
Discussion
The DACA aneurysm is one of the technically challenging aneurysms. It also has a higher rate of complications than aneurysms in other locations. 4) Traditionally, the DACA aneurysms have been treated with surgical clipping; however, the outcomes of surgical clipping were anything but satisfactory. The reasons of their poor outcomes may include the structure of the bridging vein, attenuated arachnoid adhesions between the cingulate gyri, deep and narrow exposure of the interhemispheric fissure, and/or adherence of the aneurysm dome to the parenchyma. 5, 6) To investigate the outcomes of surgical clipping cases, we reviewed the literature in PubMed using the keywords, "distal anterior cerebral artery aneurysm" and "surgical clipping." Inclusion criteria for the articles were that they had been published since 2000, targeted more than 50 patients, and treated more than half of the patients using surgical clipping. Although the ruptured/unruptured aneurysms ratio was specified, all the selected studies included more ruptured than unruptured aneurysms. From all studies, we extracted the following information: aneurysmal rupture state, morbidity, mortality, premature rupture rate, and patient's outcome. Five studies fulfilled our inclusion criteria and are listed in Table 3 . 2, [7] [8] [9] [10] To tell the details, the total number of patients analyzed was 416, with 324 of them treated using surgical clipping. Most of these cases (86.5%) had a ruptured aneurysm. Patients with Hunt and Hess classes I-III comprised 77.5% of the group. In three of the studies, all of the patients had ruptured aneurysms, and in two studies all were treated using surgical clipping. In these studies, they do not describe further information about the occlusion or recurrence rate after treatment. Because once surgical clipping achieves complete clipping, it will be resulted in low recurrence rate, generally. Serious complications of surgical clipping have premature rupture during the procedure, and this leads to poor outcomes directly, but premature rupture is very rare in endovascular coiling according to our series and other clinical reports. 11, 12) In previous series, endovascular coiling of DACA aneurysms had poor outcomes because of their distal deviation, their low-profile parent vessels, most of the aneurysms' wide neck, and the many that exhibited an anomaly of the ACA. 13, 14) However, the recent progress made in the design of the device and its technical improvements reduce these difficulties. As a result, endovascular coiling provides a high rate of CO-similar to that achieved with surgical clipping-with improved outcomes gradually Unless otherwise stated, the results are given as the number (%). CO: complete obliteration; DAC: distal access catheter; N/A: not available; RN: residual neck increasing 2,14-18) ( Table 4) . Comparing five surgical clipping studies 2, [7] [8] [9] [10] (Table 3 ) with seven endovascular coiling studies including our experiments 2, [14] [15] [16] [17] [18] (Table 4) , the ratio of ruptured aneurysm and HH grade 4-5 are almost equal, although the total number of surgical clipping patients is 1.5 times that of endovascular coiling. Our outcomes showed a slightly lower rate of CO/RN, although there were few complications and little re-bleeding. Hence, we obtained better outcomes than that are attained with surgical clipping. Our outcome had a higher rate of unruptured aneurysms than that are reported in the literature, and there were fewer high-grade SAHs.
These findings have encouraged increased use of brain medical checkups and increased interest in endovascular therapy. A few reports show that DACA aneurysms are easy to rupture in spite of small size; therefore, the surgeons often recommend the treatment for the especially middleaged patients who are detected the DACA aneurysms in medical checkups. 19, 20) In fact, our facility treats numerous intracranial aneurysms with endovascular coiling and we have treated positively for DACA aneurysms even though the aneurysm size is small; however, this strategy causes the large number of small-sized aneurysm in our series. Generally, treatment using endovascular coiling is less invasive for the patients and shortens the admission and the hospital stay compared with surgical clipping. Thus, most patients with small DACA aneurysms prefer endovascular coiling, which also has a low rate of complications. We did not need many adjunctive techniques because of the support and ability of the catheter to maneuver through the distal deviation guided by the DAC. Thus, the low-profile catheter was guided more distally.
Because the stent has become the only adaptation used for unruptured aneurysms in our country, we experienced the case of a ruptured aneurysm in a patient with RA in our hospital and achieved CO with stent-assisted intravascular coiling a half year later. Hence, physicians may consider such an operation as a second option. Recently, the use of a flow-diverter stent has been adopted worldwide. Although there have been many thromboembolic complications, it offers a high CO rate at this stage. 21) The flow-diverter stent could be one of the effective treatment modalities in our country if we are allowed to use it in the clinical setting.
We also considered the recurrence and follow-up periods when providing treatment using endovascular coiling to treat DACA aneurysms. It was reported that treatment with endovascular coiling caused a higher re-bleeding risk than surgical clipping in the International Subarachnoid Aneurysm Trial, 22) and DACA aneurysms tended to recur more often than with aneurysms in other locations. 23, 24) We found that reoperation was needed in five cases of recanalization, but re-bleeding was not encountered. Endovascular coiling requires careful follow-up compared with surgical clipping.
Finally, we have to describe about the limitation of our study. Our study is single-center report, and the procedures were performed by almost single surgeon. Therefore, the study is very standardized, but it is not population-based study. In our facility, the first-line treatment for the intracranial aneurysms is endovascular coiling so that the study includes the bias that the number of surgical clipping cases is abnormally little. In addition, since the number of ruptured cases is small (15 cases), this makes us difficult to investigate detail outcomes of the ruptured DACA aneurysms. Moreover, the follow-up periods of ruptured cases are shorter than unruptured cases. It is necessary to accumulate further number of ruptured cases in the future and to investigate them in detail. To prove the effectiveness of endovascular coiling for DACA aneurysms, we should look into endovascular or surgical reports of other facilities moreover.
Conclusion
Endovascular coiling has been a useful replacement for surgical clipping to treat DACA aneurysms. Nevertheless, the recanalization rate was higher with endovascular coiling than with surgical clipping, and long-term follow-up was often necessary. Our study had no re-bleeding cases after endovascular coiling while there were few ruptured aneurysms in our cases. In the future, new devices, such as the flow-diverting stent, are expected to be developed to treat these aneurysms, which are difficult to reach.
